Baxter has shown that, when the direct correlation function vanishes beyond some range, the Ornstein-Zernike relation for a single-component fluid can be transformed into a form involving only the radial distribution function within the range. Baxter's form is generalized to the case of a multicomponent fluid mixture. The derivation is given without using the assumption that the direct correlation functions are of finite range. § 1. Introduction
§ 1. Introduction
In a single-component :fluid the direct correlation function c (r) is related to the total correlation function h (r) by the Ornstein-Zernike relation h(r) =c(r) -+-p S dr'c(r')h(Jr-r'J), (1·1)
where r and r' are the magnitudes of the position vectors r and r' respectively, and p is the particle number density. The total correlation function h (r) is defined in terms of the radial distribution function g (r) by h (r) = g (r) -1 .
(1· 2)
As is well known, by introducing bipolar coordinates m Eq. (1·1), the OrnsteinZernike relation is rewritten as
1-I(r) = C (r) + 2np f"' ds ('H?· dtC (s) 1-I(t),
Jo J1g-r1 (1 ·1') where Il(r) ==-rh (r) ( 1· 3) and
C (r) ==rc (r). (1· 4)
One of the reasons why vire are interested m the Ornstein-Zernike relation 1s that certain approximate theories for classical :fluids may be considered to give relations between c (r), g (r) and the pair interaction potential. These relations are supplemented by the Ornstein-Zernike relation. In the Percus-Y evick approximation, 1) for example, c (r) and g (r) are determined by the Ornstein-Zernike relation together with the relation 
-vvhere ¢ (r) is the pmr interaction potential, h is the Boltzmann constant and T is the absolute temperature. Another example is the hypernetted chain approximation/) in vvhich the above relation is replaced by
Since the direct correlation function c (r) is usually considered to be much smaller than h (r) for large values of r, we may be allowed to make an approximation that c (r) vanishes beyond some range R. In such a case, however, we cannot use the approximation that h(r) =0 for r>R unless R is chosen large enough. In the Ornstein-Zernike relation for r<R, there appears the function h (r) with r in the range from 0 to 2R. The relation for R<:r<2R involves h (r) with r in the range from 0 to 3R and so on. When we attempt to find h (r) and c (r) by means of the Percus-Yevick or the hypernetted chain approximation, the Ornstein-Zernike relation demands a knowledge of h (r) for all values of r for which h (r) is significant, even though c (r) may be negligible for the majority of these values. Therefore it will be useful to transform the OrnsteinZernike relation into a form which includes h (r) only over the range from 0 to
R.
Recently such an attempt has been made by Baxter.s), 4 ) Under the assump- 
where P' (r) is the derivative of P(r).
( 1· 6) The purpose of the present paper IS to generalize Baxter's forms of the Ornstein-Zernike relation to the case of a multicomponent fluid mixture. We consider an n-component system. Let Cij (r) and hij (r) be the direct correlation function and the total correlation function between two particles of species i and j, respectively (i, j = 1, 2, · · ·, n). Then the Ornstein-Zernike relation generalized to the n-component system is written as or where cij (r) = rcij (r)'
and Pi is the number density of particles of the species z. From the physical meaning of cij (r) and hij (r), they must be symmetric with respect to i and j. Therefore, Eqs. (1· 7) and (1· 7') are equivalent to each other.
For simplicity of description, we introduce matrices C (r) and H(r) whose elements are given by
and
The Ornstein-Zernike relation Eq. (1 · 7) or Eq. (1· 7') IS now vHitten as
1-I(r) =C(r) + fro ds ["+r dtH(t)C(s).
Jo Jr.<-rl
It IS clear that C (r) and 1-I(r) are symmetric matrices, so that
C* (r) =C(r)
where C* (r) and H* (r) are the transposed matrices of C (r) and H(r), respectively.
In § 2, Baxter's first form will be generalized. 
From the Ornstein-Zernike relation (1·12) or (1·12'), we have
After elementary calculations, Eq. (2 ·1) is transformed into the following form: reduces to Baxter's first form (1 · 5). In deriving Eq. (1· 5), Baxter has adopted the "discrete approximation ".
D(r) =C(r) -H(r) + fords rr-sdtH(s)H(t)
3 )
It is seen from Appendix A that such an approximation is not necessary even if we proceed with Baxter's method. In Appendix A, the Laplace transform method is applied to the Ornstein-Zernike relation. The method in Appendix A leads to Eq. (1· 5) in the case of the single-component fluid, but it is not sufficient to derive Eq. (2 · 2) for the fluid mixture. § 3. Generalization of Baxter~s second form Let us consider a matrix P(r) which is a differentiable function of r. vVe assume that P(r) vanishes sufficiently fast when r tends to infinity:
(3 ·1)
r->co
A matrix P(r) IS defined in terms of P(r) by
where P' (r) and P* (r) are the derivative and the transposed matrix of P(r),
respectively. Then it is easily verified that the following identity holds:
1-I(r) -P(r) -roods rs-l-1" dtP(s) 1-I(t) + roo dt reo ds [1-\s) -P* (s)] 1-I(t + r)
Jo J js--·rl Jo Jt
=H(r) -1--P'(r)-ir dtP(t)I-I(r--t) +-S.wdtP(t)J-J(t--r) -lcodtP*(t-r)[I-:l(t) -1--P'(t)-itdsP(s)H(t-s)-1--icodsP(s)I-I(s-t)J.
(3 ·3) If P (r) satisfies the integra-differential equation
1-I(r) -1--P'(r)-ir dtP(t)I-I(r-t) + s.codtP(t)II(t-r) =0, (3 ·4)
Eq. (3 · 3) is rewritten as =0 . reduces to the same form as the Ornstein-Zernike relation (1·12). Therefore, C (r) must be equal to P(r) and we have however, to consider the case in which each direct correlation function ciJ (r) has its own range RiJ· In such a case~ it is desirable to derive an equation including hij (r) only for r<Rii· Investigations in this direction will be given in another paper.
1-I(r) -P(r)-scods rsl1" dtP(s)II(t) + rcodt ·srods[P(s) -P*(s)]I-I(t-1--r)

C(r) =P(r)=-P'(r) + i""dtP*(t-r)P'(t).
>
Laplace transform ·version of Baxter's method
In deriving Eq. (1· 5), Baxter has used the "discrete approximation" 111 which the integral in Eq. (1·1') is replaced by a sum. 
A(p)B(p) =B(p)A* (p).
(A·10)
Let us define a matrix S (p) by
S(p) =H(p)A( -p).
(A ·11)
Using Eqs. (A·5), (A·9) and (A·10), we have 
where (A·18)
Denoting the inverse Laplace transform of S(p) and F(p) by S(r) and F(r),
The inverse Laplace transform of r (p) is written as where the expression for D (r) is given by Eq. (2 ·1).
